Separator design in petroleum engineering is so important because of its important role in the evaluation of optimum parameters and also to achieve to maximum stock tank liquid. However, no simulator exists that simultaneously and directly optimizes the parameters "pressure", "temperature", and so on. On the other hands, Commercial simulators fix one parameter and vary another parameter to achieve the optimum conditions. So, they need long-time simulation. Moreover, gas condensate reservoirs, like another reservoirs, have this problem as well. In present paper, a self-developed simulator applied in the optimized design of gas condensate reservoir's separators by determining optimized pressure, temperature, and number of separators in order to obtain maximized tank liquid volume and minimized tank liquid density utilizing Matlab software and other commercial simulators such as Aspen-Plus, Aspen-Hysys, and PVTi to do a comparison. Also, each software was separately tested with one, two, and three separators to obtain the optimum number of separators. Additionally, Peng-Robinson equation of state (PR EOS) has been applied in the simulation. For simulation input, a set of field data of gas condensate reservoir has been utilized, as well. The results show a good compatibility of this simulator with other simulators but in so little runtime (this simulator calculates the optimum pressure and temperature in a wide range of pressures and temperatures with the help of a simultaneous optimization algorithm in one stage) and the highest stock tank liquid is calculated with this simulator in comparison to other simulators. Also, with the help of this simulator, we are able to obtain the optimum pressure, temperature, and the number of separators in the gas condensate reservoir's separators with any desired properties. Finally, this simulator optimizes the temperatures for each separator and obtains very good results despite the other simulators that fix temperatures for all separators in most times.
Introduction
Gas condensate reservoirs mostly produce gas, with some liquid dropout, frequently occurring in the wellhead separators. The phase diagram shows the retrograde gas must have a temperature higher than the critical temperature. Also, the phase diagram shows the phase changes in the reservoir, while the curve line shows these changes as the fluid cools going up the wellbore and into the separator. In both cases, liquids drop out as the pressure drops below dew point pressure [1] [2] .
Modeling for optimization of the conditions (pressure, temperature, and number of separators) of separators in multistage separators causes to reduce the amount of gas produced with condensate to a minimum [1] . In gas condensate reservoirs, large amounts of condensate and gas will produce in wellhead that we like to reduce amounts of gas and to obtain optimum conditions. In wellbore fluids or gas reservoirs, we face a high range of compositions that the quantity and characteristic of all of them are not known to us. Therefore, the optimized conditions of separators have to be specified by a combination of laboratory or field data and modeling. By leaving the gas phase from the liquid phases, the separator and stock tank gases have a minimum quantity. The pressure and temperature of this minimum point are referred to as the optimized pressure and temperature of the separator [2] .
The separator will be modeled with the help of phase equilibrium calculations.
In phase equilibrium calculation, a thermodynamic model and an optimization algorithm must be chosen. A thermodynamic model gives the relation between pressure, molar volume, and temperature for pure components and mixtures.
The thermodynamic model is usually nonlinear and nonconvex and therefore, an optimization method must be utilized to find phase equilibrium [3] [4] . The method proposed by Adewumi for solving isothermal flash calculations was recommended as an optimized solving algorithm [5] . Initially, a converging sequence of upper and lower bound on the global minimum through the convex relaxation of the original problem was proposed [6] . However, the deterministic global optimization algorithm α-based branch was applied in the fluid phase equilibrium problems as well as bound to find chemical equilibrium [7] . On another hand, an enhanced simulated annealing algorithm was proposed to verify phase stability analysis and obtain the true solution of the phase equilibrium problems in multi-component systems at high pressures [8] . But, two direct and indirect algorithms solve the phase equilibrium problem to increase the flexibility of solving algorithm in the fluid phase equilibrium systems [9] . Also, a global
optimization method called Tunneling was suggested that is able to escape from local minima and saddle points, and it's a suitable method for many problems associated with the mathematical issues such as local minimum or/and saddle points [10] .
As a result of the optimization technique, the optimization techniques were applied to directly minimize the fluid properties for a specified number of phases [11] . In accordance with the runtime issue of solving algorithms in the fluid phase equilibrium problems, a method was proposed to accelerate convergence rate of Successive substitution algorithm [10] . After that, a two-phase field flow inside an oil-gas separator with software Fluent was simulated. Based on the analysis of the two-phase flow, the authors realized the centrifugal force and the collision plays an important role in the oil-gas separation. The numerical model and the correspondent analysis are proved to be effective in the engineering design of oil-gas separators. The oil carry-over rate is greatly reduced in the modified separator [12] . Then, a new packing and newly designed Crude oil-water separator related to the physical properties of ASP products in Daqing Oilfield was proposed [13] . The orthogonal test is utilized to optimize the design of the new separator included the structure and material of coalescent packing and the new type separation efficiency of higher than 98%. However, a method for optimizing separator pressures in multistage crude oil production was proposed with the help of equation of states [14] . Also, an approach for the minimization of the Gibbs free energy was developed using the linear programming that guarantees to find the global optimum within some level of precision, for any kind of thermodynamic model [15] . Additionally, a criterion for phase equilibrium is defined as: 1) the temperature and pressure of the phases are equal, 2) the chemical potentials of each component in each phase are equal, and 3) the global Gibbs free energy is a minimum [16] . As a result of novel algorithms that are able to describe the multi-phase and multi-component chemical systems such as oil-gas system either in the dissolution or the separation processes, a new model based on adaptive neuro-fuzzy inference systems (ANFIS) is developed for accurate prediction of carbon dioxide gas diffusivity in oil at elevated temperature and pressures. Also, particle swarm optimization (PSO) technique based on the stochastic search algorithms was applied to obtain the optimal ANFIS model parameters as well [17] .
Methodology
As mentioned in the previous section, because of the importance of the wellhead separators as well as their parameters optimization due to some problems associated with available commercial simulators, including high cost and time consuming, as well as the lack of a simulator which particularly studies the phase behavior of fluids in gas condensate reservoirs, a new simulator is developed as below.
In this part, we develop a Matlab code to obtain the required optimum para- We applied some simulators to optimize the required parameters as mentioned previously to show the ability of these to optimize the separator parameters in gas condensate reservoirs and also to the comparison of these with the developed easy-to-use the simulator to show the ability of this simulator in decreasing time and cost. The existence of an algorithm that simultaneously applies to calculate the temperature and the pressure and gives an optimum temperature and pressure without manual working causes time decreasing. However, existence an algorithm that leads to higher stock tank liquid causes income increasing or cost decreasing especially in a high amount of produced liquid in surface facilities.
With each simulator, the optimum parameters were obtained and important parameters of separators fluids such as liquid and gas density, liquid and gas flow, liquid and gas enthalpy, liquid and gas entropy, and average molecular Finally, by applying some rules that liquid volume must be maximum and liquid density must be minimum in separators, we could calculate optimum pressure and temperature with the help of this easy-to-use the simulator.
Results and Discussion
The simulation occurred with the help of the software below:
For analysis, we utilized from a data-set of gas condensate reservoir with 370 k temperature and 250 bar pressure and composition like as Table 1 
Aspen Plus Analysis
We did calculations in three parts with the Aspen Plus analysis. Table 4 .
As results, we can see that by increasing in the separators number, the stock tank liquid volume is increased and the stock tank liquid density is decreased as shown in Figure 6 As shown in Figure above , by increasing the separator number from one separator to three separators, the stage of separation process is increased and the separation occurs in a high quality situation. Therefore, the stock tank liquid volume is increased and the stock tank liquid density is decreased, respectively.
Aspen Hysys Analysis
We did calculations in three parts with the Aspen Hysys analysis. analysis results are as Table 7 .
As results, we can see that by increasing in the separators number, the stock tank liquid volume is increased and the stock tank liquid density is decreased as shown in Figure 10 (a) and Figure 10 (b).
A. Ejraei Bakyani et al. Figure 9 . Simulation with three separators and one stock tank tank schematic in Aspen Hysys analysis. As shown in Figure above , by increasing the separator number from one separator to three separators, the stage of separation process is increased and the separation occurs in a high quality situation. Therefore, the stock tank liquid volume is increased and the stock tank liquid density is decreased, respectively.
PVTi Analysis
We did calculations in one part with the PVTi analysis.
A. Ejraei Bakyani et al. Simulation with three separators and one stock tank was done and the simulation results are as Table 8 .
Matlab Analysis
We did the calculations with the help of the two parameters Peng-Robinson equation of state (PR EOS) as shown in Equations (1) through (8) [18] :
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where P, V, T, R, a c , b, α, P c , T c , ω, φ, and z are the pressure, volume, temperature, universal gas constant, real gas correction factor due to the intermolecular forces, real gas correction factor due to the gas molecular size, temperature-dependent parameter, critical pressure, critical temperature, acentric factor, fugacity coefficient and compressibility factor, respectively.
Equilibrium ratio (k i ) was calculated with the help of the Wilson Correlation as shown in Equation (9) 
Subscript "i" is related to i-component in the two-phase solution.
Flash calculations were calculated with the flash calculations equations as shown in Equations ( (10) and (12)): We developed a code that is able to calculate equilibrium calculations for any specific data set and also to obtain the optimum parameters with the help of the algorithms as shown in Figure 1 and Figure 2 . Input feed was considered as 100 kmol/hr.
Simulation with three separators and one stock tank was done and simulation results are as Table 9 and mole fraction of each component in both liquid and Table 10 .
Code analysis in the optimum parameters calculations shows that output liquid volume and density from the third separator or input liquid volume and density into stock tank calculated from the code is higher and lower than calculated from other simulators that are very important issue in petroleum engineering surface facilities. According to the algorithm, calculations of the third separators in a range of pressures and temperatures shown in Figure 11 that is obvious that in what pressure and temperature we have the highest liquid volume and the lowest liquid density, these quantities are optimum quantities.
Finally, we concern on the optimum parameters calculated with the different simulators to do a comparison. Optimum pressure, temperature, and liquid output volume calculated from the different simulators are as Figures 12(a) -(c).
The liquid output from the third separator is very important that is maximum in the code calculations in comparison to other simulators as Figure 13 . simulators to predict the required parameters.
Conclusion
Also, this simulator is an easy-to-use simulator that the required parameters are directly obtained from it with the help of a simple algorithm.
Additionally, this simulator considers temperature variation with pressure variation simultaneously, and also this simulator is able to show optimum pressure and temperature between any ranges of pressures and temperatures that the user enters into this simulator. So, calculations and optimizations are done without any manual working. Finally, we can see the effect of various parameters on the optimum parameters in a so little runtime.
By considering the effect of both the pressure and the temperature in the optimum parameters (the stock tank liquid volume and the density), this simulator
gives the highest amount of liquid volume into the stock tank in comparison to the other commercial simulators.
Also, by considering high amount of produced fluid in the wellhead, if the increased produced liquid volume which is predicted by the simulator is so little, the increased produced liquid volume which is practically predicted is so much in volume, because of the difference in the units. Therefore, it has very economical advantages.
Eventually, this simulator can be coupled with the other simulators to separator analysis with high accuracy. 
